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(54) Silicon solar cell and fabrication method thereof 



(57) A silicon solar cell includes a p type silicon sub- 
strate (1). an n type diffusion layer (2) formed at a first 
main surface side of the substrate, and a p*** layer (3a) of 
high doping concentration formed at a second main sur- 
face side of the sut>strate (1) by Ion-implantation of 
group III element having an atomic radius greater than 
that of a Si atom. M is preferably used as the group III 
element. 
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D scription 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to solar cells. arKi 
rnore particularly to a silicon space solar cell preferably 
used as a power source of a satellite used in outer 
space where the irradiation intensity of radioactive rays 
and ultraviolet rays is great. 

Description of the Background Art 

One of the most general space solar ceils currently 
used as the power source of a satellite is a Si solar cell 
with single crystal (Si) as the base material. In accord- 
ance with the greater size, multifunction, and long life 
time of satellites, the need of high output and improve- 
ment in the radiation resistance of a Si space solar cell 
is increasing. Means for high output and improvement in 
radiation resistance in Si space solar cells will be 
described hereinafter. 

Fig. 8 is a sectional view schematically showing a 
basic structure of a BSFR (Back Surface Field arxi 
Reflector) type solar cell for practical usage. In the solar 
cell of Fig. 8. an n type diffusion layer 2 is formed by 
thermal diffusion at a front light receiving surface of a p 
type Si substrate 1. A p"^ type layer (BSF layer) 3 is 
formed similarly by thermal diffusion on the back sur- 
face of substrate 1 . A front electrode 4 is formed on n 
type diffusion layer 2, and a back electrode 5 is formed 
on type layer 3. type layer 3 in Rg. 8 serves to 
improve the collection efficiency of carriers to increase 
the output of the solar cell. Although not shown in Fig. 8, 
a back surface reflective layer between p**" type layer 3 
and back electrode 5 for reflecting infrared light, and an 
anti-reflection coating on the front surface for receiving 
incident light efficiently are provided. Furthermore, 
cover glass is adhered in practical usage. 

Fig. 9 shows a solar cell developed to further 
improve the output of the solar cell of Fig. 8. The com- 
ponents of the solar cell of Fig, 9 corresponding to those 
of the solar cell of Fig. 8 have the same reference char- 
acters allotted. More specifically, the basic structure of 
the solar ceil of Fig. 9 is similar to that of Fig. 8 except 
for the provision of a back surface oxide film 6 and a 
front surface oxide film 7 at the l>ack surface side and 
the front surface side, respectively, of substrate 1 . Back 
surface oxide film 6 functions as a passivation film to 
prevent minority carriers (electrons) generated within p 
type substrate 1 by light absorption from being recom- 
bined with the majority carriers (hole) at the t>ack sur- 
face of the cell. Similarly, front surface oxide film 7 
functions as a passivation film at the front surface of 
substrate 1 to prevent minority can'iers (hole) generated 
in n type diffusion layer 2 by light absorption from being 
recombined with majority carriers (electron) at the front 
surface of the cell. The solar ceil of Fig. 9 allows an out- 



put higher than that of the cell of Fig. 8 by preventing 
recombination of carriers generated by tight absorption. 

Rg. 10 shows the structure of another solar cell 
developed to improve the efficiency. The solar cell of 
Fig. 10 is similar to the solar cell of Fig. 9 provided that 
p* layer 3 is formed only at the proximity of the region 
where substrate 1 is brought into contact with back elec- 
trode 5 via an opening in back surface oxide film 6. 
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In Table 1. solar cells (a) and (b) exhibit the initial 
output characteristic and the output characteristics after 
being subjected to electron irradiation of energy 1 MeV 
at 1 X 10^^e/cm^ corresponding to the solar celts of 



Figs. 8 and 10. respectively. In contrast to solar cell (a) 
of Fig. 8. solar cell (b) of Fig. 10 has the maximum 
power P^ax improved by approximately 10 % although 
open circuit voHage Vqc and short-circuit current Isc 
before and after electron irradiation are high and fill fac- 
tor FF is slightly low. 

The values of the output characteristics of Table 1 
are measured using light corresponding to AMO (solar 
light of exoatmosphere). and under the temperature of 
28*0 except for P^ax * Tqp (mW) representing the max- 
imum power at an operating temperature Tqp The value 
in % In the parenthesis of the output characteristics after 
electron irradiation indicates the remaining factor with 
respect to the output characteristic before electron irra- 
diation, as indicates the solar absorptance. 

The radiation resistance of a Si space solar cell will 
be described hereinafter. In general, a space solar ceil 
is subjected to radiation of electrons, protons, neutrons, 
a-particles. X-rays, ultraviolet rays. etc. of high energy 
and high density in the outer space environment, 
whereby a vacancy in the crystal of the semiconductor 
sut>strate of the solar cell, a complex center where a 
vacancy and an interstitial impurity atom are combined, 
and a cluster of these defects are formed. These radia- 
tion defects electrically act as the recombination center 
of carriers to reduce the life time and diffusion distance 
of the minority carriers, whereby the performance of the 
sotar cell is degraded. A Si solar cell for space use is 
conventionally provided with the following measures 
(A1) - (A3) to suppress such effects by radiation defect. 

(A1) An n-on-p type Is selected for the solar cell. 
Since electrons have a longer life time and diffusion 
distance than holes, the effect by radiation defect 
can be relatively reduced by a solar cell of, not the 
p-on-n type, but of the n-on-p type. 
(A2) The thickness of the semiconductor substrate 
of the solar cell is reduced. A thinner semiconductor 
substrate results in a fewer absolute number of 
radiation-induced defects Included therein to allow 
the number of minority carriers captured by these 
defects reduced. 

(A3) The pn junction in the solar cell is provided at 
a shallow region from the front surface of the semi- 
conductor substrate. In other words, the collection 
efficiency of the minority carriers generated within 
the thinned diffusion layer is improved. 

Howe/er. sufficient radiation resistance cannot be 
obtained by the solar cells of high output shown in Figs. 
9 or 10 even when the above measures of (A1) - (A3) to 
improve radiation resistance are applied. For example, 
in Table 1 . the output characteristics of a solar cell sub- 
jected to electron irradiation of 1 MeV at 1 x 10''^e/cm^ 
is shown which is a criterion for evaluating the radiation 
resistance. In contrast to the parenthesized remaining 
factor of 69.5 % of the maximum power P^ax a^®'' elec- 
tron irradiation with the initial output characteristic as 
100 % in the conventional solar cell (a) corresponding to 
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Fig. 8, the remaining factor of maximum power Pmax 
after electron irradiation is 67.0 % In the solar cell (b) 
conresponding to Rg. 10. Although not shown in tattle 1 . 
the solar cell conresponding to Fig. 9 has a similar 
remaining factor of maximum power P^ax ^^^r electron 5 
irradiation. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present 
invention is to provide a SI space solar cell of high out- 
put sufficiently Improved in radiation resistance. 

According to an aspect of the present invention, a 
silicon solar cell includes a p type silicon substrate, an n 
type diffusion layer formed at a first main surface side in 
the substrate, and a p*^ layer of high doping concentra- 
tion formed by ion implantation of aluminum (A/) at a 
second main surface side in the substrate. In this silicon 
sotar cell. A/ in the p^ layer formed by ion Implantation 
easily combines with oxygen. Therefore, oxygen in the p 
type silicon substrate is applied to gettering effectively 
by the p"^ layer to improve radiation resistance. 

According to another aspect of the present irwen- 
tion, a silicon solar cell includes a p type silicon sub- 
strate, an n type diffusion layer formed at a first main 
surface side in the substrate, a p"^ layer of high doping 
concentration formed at least partially at a second main 
surface side in the substrate by ion implantation of the 
group III element having an atomic radius greater than 
that of a Si atom, an oxide film on the second main sur- 
face of the substrate with an opening, and an electrode 
electrically connected to the p*^ layer via the opening of 
the oxide film. A conventional silicon sotar celt including 
an oxide film is disadvantageous in that recombination 
of carriers increases due to the interface of Si and the 
oxide film being damaged by hot carriers generated 
within the n type diffusion layer by ultraviolet ray irradia- 
tion arriving at the interface. In the silicon solar cell of 
the present aspect, damage towards the interface 
between the p type substrate region and the p* region 
formed by ion implantation is suppressed since hot car- 
riers have their energy reduced signif icantiy in passing 
through the interface due to an abrupt change In the 
doping concentration and fornnation of atomic level dis- 
tortion in the vicinity of the interface. As a result, recom- 
bination of carriers is prevented to avoid reduction in the 
output of a solar cell by ultraviolet ray irradiation. 

According to a further aspect of the present inven- 
tion, a silicon sotar cell has a p*** layer formed by ton 
implantation of M all over the entire region of the back 
surface of a p type silicon sut>strate. Oxygen gettering 
by Ai is effected all over the back surface of the sub- 
strate, whereby radiation resistance of a solar cell is 
improved over the entire region of the back surface of 
the substrate. 

According to yet another aspect of the present 
invention, a method of fabricating a silicon solar 
includes the steps of forming an n type diffusion layer at 
a first main surface side within a p type silicon substrate. 



forming an oxide film so as to cover a second main sur- 
face of the p type subsfrate, forming a p* layer of high 
doping concentration at the second main surface side 
within the p type substrate by ion implantation of the 
group Hi element having an atomic radius greater than 
that of a Si atom via the oxide film, forming an opening 
in the oxide film, and forming an electrode electrically 
connected to the p*** layer via ti^e opening. According to 
the method of fabricating a silicon solar cell, ions for 
forming the p^ layer are implanted into the p type sub- 
strate through the oxide film after its formation. There- 
fore, the interface between the p type sut>strate and the 
oxide film can be maintained at its relatively favorable 
situation prior to ion implantation. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a sectional view schematically showing a 
silicon solar cell according to an embodiment of the 
present invention. 

Rg. 2 is a sectional view of a solar cell according to 
another embodiment of the present invention. 

Rg. 3 is a sectional view of a solar cell according to 
a further embodiment of the present invention. 

Rgs. 4A-4D are sectional views of the solar cell of 
Fig. 2 for describing the fabrication method thereof. 

Rgs. 5A-5D are sectional views of the solar cell of 
Fig. 2 showing fabrication steps following the step of 
Rg. 4D. 

Rg. 6 shows the energy band structure along the 
cross section where a back surface oxide film is located 
in a solar cell of Rg. 9. 

Rg. 7 shows the energy band structure along the 
cross section of the solar cell of Fig. 1 . 

Rg. 8 is a sectional view of a conventional solar 

cell. 

Rg. 9 is a sectional view of another conventional 
solar cell. 

Rg. 10 is a sectional view of a further conventional 
solar cell. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The most important feature of the present invention 
is to obtain tiie following two effects (81) and (82) by 
ion-implantation of the group III element such as Ai 
onto the back surface side of a silicon substrate in a Si 
space solar cell of high efficiency. 

(81) Allow gettering of oxygen from the Si substrate 
by the group III element such as Ai to improve radi- 
ation resistance of a silicon solar cell. 
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(B2) Altering the doping concentration abruptly by 
ion implantation and form atomic level distortion In 
the vicinity of the interface between a p*** region pro- 
vided for collecting carriers efficiently and a p type 
sut>strate. Since the atomic level distortion acts to 
reduce significantly the energy of hot carriers, 
reduction in the output of a silicon solar cell due to 
ultraviolet ray irradiation can be avoided. 

According to the present invention, a Si space solar 
celt can be provided superior in ultraviolet ray resistance 
and radiation resistance. 

Fig. 1 schematically shows a BSFR type Si space 
solar cell according to an embodiment of the present 
invention. In the solar cell of Fig. 1 . an n type diffusion 
layer 2 is formed at a front light receiving surface side of 
a p type Si substrate 1 . A p"^ type layer (BSF layer) 3a is 
formed at the back surface of substrate 1 . A back sur- 
face oxide film 6 is formed on p* type layer 3a. A front 
surface oxide film 7 is provided on n type diffusion layer 
2. A front electrode 4 and a back electrode 5 are formed 
at the front surface side ar>d the back surface side, 
respectively, of the substrate. The doping concentration 
is altered abruptly in the vicinity of an interface 8 
between p^ type layer 3a and p type Si substrate 1 . Dis- 
tortion in atomic level is formed in the vicinity of interface 
8 between p^ type layer 3a and p type Si substrate 1 
and within p"^ type layer 3a. As will be described in detail 
aftenwards, an abrupt change in doping concentration 
and atomic level distortion in the vicinity of interface 8 
between p^ type layer 3a and p type Si substrate 1 can 
be implemented by implanting ions having an atomic 
radius greater than that of Si (for example, M) into p 
type Si substrate 1 to form a p^ type layer 3a. The 
atomic radius of Si is 1 .1 7 A, whereas the atomic radius 
of A/ is 1.41 A. 

The reason why radiation resistance in the solar 
cell of Fig. 1 is improved significantly will be described 
hereinafter. 

Reduction in the output of a solar cell by irradiation 
of radioactive rays and the like is considered to be 
caused by two main factors. One is the direct influence 
towards the solar cell by electrons which are particles of 
high energy. The other is the indirect influence towards 
the solar cell by ultraviolet rays and the like which are 
photons. 

As to the direct effect towards a solar cell, irradia- 
tion of a solar cell with electron rays causes the forma- 
tion of a vacancy in the semiconductor crystal of the cell 
base material, a complex where a vacancy and an inter- 
stitial impurity atom are combined, and a duster of 
defects thereof, as previously mentioned in the section 
of the t>ackground art. The output of the solar cell can- 
not be derived effectively since these lattice defects act 
as a recombination center. 

As to the indirect effect by ultraviolet ray, it is known 
that hot carriers generated in a silicon substrate apply 
damage to the binding at the Si/Si02 interface when 
ultraviolet ray having relatively high energy is applied to 



a solar cell, as described by RE. Gruenbaum et al. in 
Applied Physics Letters 52 (17), 25. April 1988. Since 
the damaged portion at the Si/SiOa interface becomes 
the recombination center, the passivation effect of the 
5 Si02 film is degraded to lower the output of the solar 
cell. 

Rg. 6 is an energy band structure for describing the 
indirect effect by ultraviolet ray The energy band struc- 
ture of Fig. 6 shows the band structure and the flow of 

10 hot carriers at a cross sectional face where semicon- 
ductor sut>strate 1 is directly in contact with back sur- 
face oxide film 6 in the solar cell of Fig. 10. Ec indicates 
the lower limit of the conduction band, Ey indicates the 
upper limit of the valence band, and Ep irxjicates the 

75 Fermi level. The " — " sign at the interface between sem- 
iconductor sut»strate 1 and back surface oxide film 6 
indicates the interface level. In general, a depletion 
region is formed at the Si/Si02 interface. When a solar 
cell having the band structure as shown in Fig. 6 is irra- 

20 diated with ultraviolet rays (UV). hot carriers (electron e 
arxl hole h) are generated mainly at the vicinity of the 
front surface. These hot carriers pass through Si sub- 
strate 1 maintaining its high energy to arrive at the 
Si/Si02 interface to apply damage to the binding at the 

25 interface. The damage at the interface acts as the 
recombination center of carriers. This means that the 
probability of electrons of the minority can-iers gener- 
ated by absorfcring solar light recombining with holes of 
the majority carriers via the recombination center of the 

30 Si/Si02 interface increases. As a result, it will become 
difficult to effectively provide the minority carriers gener- 
ated by photoelectric conversion outside the solar cell 
as the output. In other words, the effect of back surface 
passivation is degraded by the hot carriers. 

35 The inventor noted the direct effect by high energy 
particles to the cell and the indirect effect by photons, 
and carried out extensive research to implement a solar 
cell without any output degradation by energy particles 
of electron rays and that can prevent formation of a 

40 recombination center of carriers at a Si/Si02 interface 
by reducing the energy of hot carriers generated by 
photons of ultraviolet ray before they reach the interface. 
The irwentor finally conceived of a silicon solar cell hav- 
ing the structure of Fig. 1 . More specifically, by implant- 

45 ing to the back surface side of substrate 1 ions of the 
group III element such as A£ having an atomic radius 
greater than that of a Si atom, the above-described 
problems of the direct and indirect effects towards the 
cell can be solved to obtain the two advantages set forth 

50 in the following. 

Ihe first advantage is that the radiation resistance 
of a solar cell can be improved by the provision of a p"^ 
layer 3a formed by ion-implantation of the group Ml ele- 
ment such as A/. Oxygen from Si substrate 1 is sub- 

55 jected to gettering by p"^ layer 3a. As a ground thereof, 
there is a description in, for example, "Semiconductors 
and Semimetals*", volume 11, Solar Cells: Academic 
Press, pp. 154-157 that the oxygen in a Si substrate is 
responsible for radiation-induced defect, and a solar cell 
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exhibits superior radiation resistance if the containing 
amount of oxygen is low. The Inventor considered that 
the radiation resistance of a solar cell can be innproved 
by doping M at high concentration into Si substrate 1 to 
take advantage of the fact that M recombines easily 5 
with oxygen to effectively getter the oxygen in Si sub- 
strate 1. A solar cell of a structure similar to that shown 
in Fig. 8 provided that p* layer 3 is formed of an A/-Si 
alloy layer was actually fabricated and subjected to 
experiments. As shown in solar cell (c) in Table 1. a 
remaining factor of 73.3 % was obtained with respect to 
maximum power P^nex ^^6*" electron irradiation of 1 MeV 
at 1 X lO^^e/cm^ which is the criterion of evaluating the 
radiation resistance. It is appreciated from this value 
that the radiation resistance is improved in contrast to 
the values of 67.70 % - 69.5 % of the retaining rate of 
the maximum power Prxxsix conventional solar cells. 

In solar cell (a), p"*^ layer 3 was formed by diffusing 
boron into p type Si substrate 1 in a gas atmosphere 
including boron in a furnace of a high temperature 
(approximately 1000**C). In solar cell (c), p^ layer 3 of a 
Si-A/ alloy layer was formed by applying paste Including 
M powder on Si substrate 1 and baking the same in a 
furnace of approximately 400°C for a short time period. 
There is a problem that the solar absorptance Oq in 
solar cell (c) is increased to result In a higher cell tem- 
perature in contrast to those of solar cells (a) and (b). 
Therefore, maximum power P^ax ' Tqp of solar cell (c) 
in an operating tennperature Is 75.1 mW. which Is lower 
than those of cells (a) and (b). According to the embod- 
iment of the present invention, the solar cell of Fig. 1 
has A/ atoms implanted. Therefore, a thick p* layer 3 of 
Sl-A/ alloy such as in cell (c) in Table 1 will not be 
formed. Therefore, the problem of increase in tempera- 
ture of the cell does not occur. 

Another advantage by Ion-implantation is that a 
structure can be achieved in which the doping concen- 
tration changes abruptly from p type substrate 1 to p"^ 
layer 3 at the vicinity of the interface 8 between p+ layer 
3a and p type substrate 1 provided for efficiently collect- 
ing carriers and in which distortion of the atomic level is 
formed. As a result, hot carriers generated within n type 
diffusion layer 2 due to ultraviolet Irradiation lose their 
energy in passing through the vicinity of interface 8 from 
p type substrate 1 to p"*" layer 3a. In other words, inter- 
face 9 between p+ layer 3a and oxide film 6 will be pro- 
tected from hot canriers. Thus, the problem of 
recombination of carriers at the damaged portion in 
interface 9 is eliminated to avoid reduction in output 
caused by ultraviolet irradiation. 

Fig. 7 shov^ the energy barxJ structure and the flow 
of hot carriers in the solar ceil of Fig. 1 for the purpose 
of describing the effect of ion-implantation. The energy 
band structures of Rgs. 7 and 6 are similar, provided 
that the band structure of p* layer 3a formed by ion 
implantation is included in the energy t>and structure of 
Fig. 7. In Fig. 7, interface 8 between n type Si sut>strate 
1 and p"^ layer 3a is indicated with a sign. 



Description was made with reference to Figs. 6 and 
7 as though hot carriers (electron e. hole h) per se gen- 
erated by ultraviolet rays (UV) apply damage at the 
interface between SI and an oxide film in order to facili- 
tate the description of the behavior of hot carriers and 
the effect of the present invention. In practice, a plurality 
of electrons e and holes h are present within the SI sub- 
strate during operation of a solar cell. It Is to be noted 
that the generated hot carrier per se may not always 
apply damage. arxJ that another carrier of the same type 
receiving energy from the hot carrier applies damage. 

The solar cell of Fig. 1 is only a way of example of 
the present invention. The present invention can be 
applied to other various types of solar cells. For exam- 
ple, a texture structure can be introduced into the light 
receiving surface of the solar cell of Fig. 1 . as shown in 
Fig. 2. A method of fabricating the solar cell of Fig. 2 
according to the present Invention will be described 
hereinafter with reference to Figs. 4A-4D and Figs. 5A- 
5D. 

Referring to Rg. 4A, a p type silicon substrate 1 
(having a carrier concentration of 1 x 10^ ^/cm^ - 1 x 
10^ ^/cm*^, and a resistance of 1 - 3 ftem) is etched to a 
predetermined thickness (approximately 50 - 200 )im). 

Referring to Rg. 4B, an non-reflective surface con- 
figuration 10 is formed at the front surface of substrate 
1. Ck}nfiguration 10 can be realized by processing a 
SiOa film deposited by CVD on the surface of substrate 
1 by the well-known photolithography and etching the 
same with an alkali type etchant. 

Refenring to 4C. an n layer 2 is formed by thermal 
diffusion of impurities of the group V (phosphorus and 
tiie like) from the front surface of substrate 1 . In this 
case, the back surface of substrate 1 Is protected by a 
thick oxide film 6 formed by thermal oxidation in, for 
example, dry oxygen. 

Refemng to Fig. 4D, impurities of the group III (A/ 
here) having an atomic radius greater than that of Si are 
ion-Implanted at the back surface side of sut}strate 1 
through oxide film 6. This ion-implantation is the most 
important feature of the present invention. The thick- 
ness of p*^ layer 3a Is set to approximately 1 - several 
lim. and the carrier concentration thereof is set to at 
least 1 X 10''®/cm^. By implanting impurities of the group 
III having an atomic radius greater than that of Si into 
tiie tjack surface of substrate 1 . and the doping concen- 
tration Is altered abruptly and distortion in atomic level is 
formed in the vicinity of interface 8 between p* layer 3a 
and p type substrate 1 . Even if hot carriers are gener- 
ated within n type diffusion layer 2 and the like by ultra- 
violet irradiation, tiie hot carriers will lose energy in 
passing through the vicinity of interface 8. Therefore, 
the bonds at interface 9 between oxide film 6 and p"*" 
layer 3a will not be damaged by the hot carriers. Thus, 
degradation in the output of a solar cell can be avoided. 

Since ion implantation of M atoms into p type sub- 
strate 1 is carried out through oxide film 6 after forma- 
tion tiiereof. interface 9 between p type substrate 1 and 
oxide film 6 can be maintained at a relatively favorable 
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situation prior to ion implantation. It is possible to carry 
out ion implantation prior to formation of oxide film 6. In 
this case, oxide film 6 will be formed on p*^ layer 3a hav- 
ing high impurity concentration. In general, formation of 
oxide film 6 of smalt interface states arKi favorable inter- 5 
face characteristics can be expected as the innpurity 
concentration of the substrate is lower. Formation of an 
ideal oxide film 6 is difficult when the oxide film is to be 
formed on layer 3a having high concentration. There- 
fore, it is preferable to implant ions of after oxide film 
6 is formed on p type substrate 1 as shown in Fig. 4D. 

The above-described ion implantation does not 
require a high carrier concentration (for exanrple, 5 x 
10^^-1 X 10^/cm^) in p* layer 3 as in the case where 
conventional thermal diffusion is carried out. This is 
because a back surface passivation effect of a sufficient 
level can be expected since Si/Si02 interface 9 is 
formed that has less interface states that function as the 
recombination levels of carriers. Thus, the carrier con- 
centration does not have to be increased to a level as 
high as in the conventional case. Damage by ion irradi- 
ation can occur at the back surface of the cell even by 
the ion implantation shown in Fig. 4D. Recovery of this 
damage is carried out at the next step. 

Referring to Fig. 5A, recovery of damage caused by 
ion-implantation is effected by RTA (Rapid Thermal 
Anneal) at SOO^'C. for example, for a few minutes. Such 
a thermal treatment of this level will not effect the pn 
junction p type substrate 1 and n type substrate 2 or at 
interface 8 between substrate 1 and p* layer 3a. By 
introducing dry oxygen of a predetermined concentra- 
tion into the furnace simultaneous to this RTA method, 
front surface oxide film 7 can be formed at the same 
step. The thickness of front surface oxide film 7 is set to 
100-200 A. for example. 

Referring to Fig. 5B, openings 11 and 12 are 
formed at predetermined positions in front surface oxide 
film 7 and back surface oxide film 6 by the well-known 
photolithograph method. The etching process can be 
carried out by any of wet etching and dry etching. 

Referring to Fig. 5C, a front electrode 4 is formed by 
the well known photolithography method. 

Referring to Fig. 5D, back electrode 5 is formed so 
as to cover back surface oxide film 6 and opening 12. 

Then, thermal treatment is applied after forming an 
anti-reflective coating at the front surface side of sub- 
strate 1 (not shown). The cell is cut out to a predeter- 
mined dimension to be completed as a bare cell. A solar 
cell with cover glass is obtained by adhering cover glass 
on the light receiving surface of the bare cell via resin. 

Although ion of M atoms are implanted in the 
above described embodiment, other ions of the group III 
element such as Ga (having an atomic radius of 1 .25 A 
greater than the atomic radius of 1.17 A of Si) can be 
used. 

Fig. 3 shows a solar cell according to a further 
embodiment of the present invention. The appearance 
of the solar cell of Fig. 3 is similar to the conventional 
solar cell of Fig. 8. The solar cell of Fig. 3 does not 



include oxide films 6 and 7 as in the solar cell of Fig. 1 . 
The aforementioned problem (82) of damage at the 
Si/SiOa interface by hiot carriers does not occur in the 
solar cell of Rg. 3. However, the problem of (81) of out- 
put degradation by radioactive ray in^adiation is present. 
Therefore, the radiation resistance can be improved in 
the solar cell of Fig. 3 by implanting ions such as M hav- 
ing a great recombination ability with oxygen in forming 
p"*" layer 3a. Although Ai is used as the atoms to be 
driven by ion-implantation in the emtxxliment of Fig. 3, 
an element of group III that has an atomic radius greater 
than that of Si atoms and has a relatively high combina- 
tion with oxygen such as Ga can be used. 

(d) in Table 1 represents the characteristics of the 
solar cell of Rg. 1 which is a recent protocol by the 
inventor. It is appreciated from Table 1 that initial maxi- 
mum power PfTiax of solar cell (d) is equal to that of a 
conventional cell (b) of high efficiency, and the remain- 
ing factor after electron irradiation is superior than that 
of solar ceil (c) using M paste. Furthermore, since solar 
cell (d) does not have a thick S\-M alloy layer 3 formed 
as in solar cell (c). the solar absorptance ois can be low- 
ered than that of cell (c). arxj maximum output P^ax * 
Top under the operating temperature after electron 
irradiation can be improved. As to the effect of ultraviolet 
irradiation, no degradation in the output characteristics 
was observed at an elapse of 700 sun « hours (1 sun 
represents the intensity of normal solar light) in solar 
cell (d). Thus, the superior advantage of the present 
invention was confirmed. 

According to one aspect of the present invention, p* 
layer at the back surface side of a p type silicon sub- 
strate is formed by ion-implantation. Since M easily 
combines with oxygen, the oxygen within the p type 
substrate is effectively gettered by the p* layer, whereby 
the radiation resistance of the silicon solar cell is 
improved. 

According to another aspect of the present inven- 
tion, the doping concentration is altered abruptly and 
distortion in atomic level is formed in the vicinity of the 
interface between a p* layer formed by implanting ions 
of group 111 element having an atomic radius greater 
than that of Si atom and a p type substrate. Therefore, 
hot carriers generated within the n type diffusion layer 
by ultraviolet ray irradiation loses its energy in passing 
through this interface between the p^ layer and the p 
type substrate, so that the interface between the p* 
layer and the oxide film is protected from hot carriers. As 
a result, recombination of carriers generated by the 
damage portion caused by hot carriers at the interface 
between a p*^ region and an oxide film encountered in 
prior art is prevented, and output degradation caused by 
ultraviolet irradiation is avoided in a silicon solar cell. 

According to a further aspect of the present inven- 
tion, a p* layer is formed all over the back surface of a p 
type silicon substrate. Gettering of oxygen by AJ is car- 
ried out all over the entire region of the back surface of 
the substrate. Therefore, radiation resistance of a sili- 
con solar cell is improved sufficiently. Since the entire 
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region of the back surface of the substrate is protected 
from hot carriers, output degradation by ultraviolet in^a- 
diation in a solar celt can be sufficiently avoided. 

According to yet another aspect of the present 
invention, an oxide film is formed at the back surface of 
a p* type silicon substrate and then a p* layer is formed 
by implanting ions through the oxide film. Therefore, the 
Interlace between the substrate and the oxide film can 
be nrraintained at a relatively favorable situation prior to 
ion implantation. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended dainrts. 

Claims 

1 . A silicon solar cell comprising: 

a p type silicon substrate (1), 

an n type diffusion layer (2) formed at a first 

main surface side in said p type substrate (1). 

and 

a p*^ layer (3a) of high doping concentration 
formed by ion-imptantation of group III element 
having an atomic radius greater than that of Si 
at a second main surface side in said p type 
substrate (1). 

2. The silicon solar celt according to claim 1 . wherein 
said p*^ layer (3a) of high doping concentration is 
formed all over said second main surface. 

3. The silicon solar cell according to claim 1 . wherein 
said group III element is A/. 

4. A silicon solar cell conrtprising: 

a p type silicon substrate (1). 
an n type diffusion layer (2) formed at a first 
nnain surface side in said p type substrate (1), 
a p*^ layer (3a) of high doping concentration 
formed at least partially at a second main sur- 
face side in said p type substrate (1) by ion- 
implantation of group III element having an 
atomic radius greater than that of Si atom, 
an oxide film (6) formed on said second main 
surface and including an opening, and 
an electrode (5) formed on said oxide film (6) 
and electrically connected to said p"^ layer (3a) 
via said opening. 

5. The silicon solar celt according to claim 4, wherein 
said p*** layer (3a) of high doping concentration Is 
formed all over said second main surface. 



6. The silicon solar celt according to claim 4. wherein 
said group lit element is A/. 

7. A method of fatxicating a silicon solar cell compris- 
5 ing the ste}:^ of: 

forming an n type diffusion layer (2) at a first 
main surface side in a p type silicon substrate 
(1). 

10 forming an oxide film (6) so as to cover a sec- 

ond main surface of said p type sul>strate (1). 
forming a p* layer (3a) of high doping concen- 
tration at least partially at said second main 
surface side within said p type substrate (1) by 

15 ion-implanting group III element having an 

atomic radius greater than that of a Si atom via 
said oxide film (6), 

forming an opening in said oxide film (6), and 
forming an electrode (5) electrically connected 
20 to said p*** layer (3a) via said opening. 

8. The method of fabricating a silicon solar cell 
according to claim 7. wherein said group III element 

is M. 
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